Objective: To test high-intensity focused ultrasound (HIFU) as salvage first-line treatment for palpable, TRUS-evidenced, biopsyproven locally recurrent prostate cancer (CaP) after radical prostatectomy (RP).
Introduction
Prostate cancer (CaP) is the most commonly diagnosed malignancy and the second leading cancer-related cause of death in men in the United States [1] . Although radical prostatectomy (RP) is an effective treatment for many patients with clinically localized CaP [2] , treatment fails in up to one-third of patients. Without salvage therapy, 65% of men will develop distant metastasis within 10 years of biochemical recurrence (BCR) [3] .
For patients with biopsy-proven or radiographically identified local recurrence after RP and in absence of identifiable metastatic disease, salvage radiotherapy (SRT) is the standard treatment [4 -7] . However, it is a time-consuming therapy (it takes several weeks to complete); moreover, the additional gastrointestinal and genitourinary toxicity could be physically challenging, especially for elderly patients with co-morbidities and lower performance status [8] .
To avoid the limits of the SRT, increasing interest is being focused on the minimally invasive forms of CaP treatment. Recently, Siddiqui et al. [9] reported their experience on the use of cryotherapy for patients with local recurrence after RP, demonstrating that it could be an effective alternative to SRT.
Transrectal high-intensity focused ultrasound (HIFU) has demonstrated an effective long-term cancer control in patients with low-or intermediate-risk localized CaP [10] . Its role as a salvage treatment after RT for CaP has also been evaluated [11] . However, there is only one study (case-series, Level of evidence 4) regarding the use of salvage HIFU in the post-RP setting [8] .
We designed a pilot study, with no control arm, to test HIFU as first-line salvage treatment in patients with palpable, transrectal ultrasound (TRUS)-evidenced, biopsyproven local recurrence of CaP after RP.
Materials and methods

Patients' enrollment and ethics
In our center, the first-line treatment for the local recurrence of CaP after RP is the SRT. However, in the period June 2003-June 2008, 19 patients with palpable, TRUSevidenced, biopsy-proven CaP local recurrence post-RP were unwilling to undergo SRT for several reasons: distance from the reference center of RT, long waiting list, fear/ apprehension of the potential collateral effects of RT, duration of treatment. These patients were enrolled in the HIFU protocol, after obtaining institutional review board approval and written informed consent of patients. The study was conducted in accordance with the Good Clinical Practice rules and with the ethical principles contained in the Declaration of Helsinki as amended in Hong Kong.
Inclusion and exclusion criteria
Inclusion criteria for first-line salvage HIFU were: palpable, TRUS-evidenced, biopsy-proven local recurrence of CaP, independently of PSA level and pathologic Gleason score; no evidence of distant metastasis assessed by means of bone scan and total body CT scan or 18F PET/CT scan. DRE findings were considered abnormal if any mass, nodule, induration, or irregularity was noted in the prostatic fossa. A gray-scale TRUS was performed by a single operator with a linear 7.5 MHz biplane probe (Technos; Esaote SpA, Rome, Italy). The TRUS findings were considered to be suggestive of local recurrence if any suspected lesion was identified at or around the area of the anastomosis, at the bladder neck, in the retrovesical space, or if any asymmetry or obvious distortion of the urethrovesical anastomosis was noted [12] . The size of the local recurrence was determined by its greatest diameter.
The subsequent biopsies, all performed by the same operator through the transperineal route and under TRUS guide, were positive for local recurrence of CaP. The grading of the lesion was assigned according to the Gleason system. Exclusion criteria were: evidence of distant metastasis, not TRUS-evidenced local recurrence, adjuvant external radiation or hormonal treatment, if administered after RP but before the time of the evaluation, anal stenosis or any other condition that does not permit the introduction of the HIFU probe in the rectum.
Study end-points and methodology
Primary end-point was the evaluation of the feasibility of the procedure in terms of safety and early and late morbidity. All medical and surgical complications occurring in both in-patient and out-patient setting were recorded. They were classified as early onset (Ͻ30 days) and late onset (Ͼ30 days), and graded according to the modified Clavien classification [13] .
Secondary end-point was the preliminary evaluation of the oncologic efficacy of salvage HIFU in terms of PSA nadir, biochemical disease free survival (bDFS), and need of secondary adjuvant treatment (ormonotherapy or SRT).
Success was defined as PSA nadir Յ0.1 ng/ml, obtained within 3 months [14] . In case of PSA nadir Ͼ0.1 ng/ml or PSA increase Ն1 ng/ml above the PSA nadir, a biopsy of the treated lesion was performed, and if negative, hormonal therapy [maximum androgen blockade (MAB)] was adopted. In case of positive biopsy, secondary SRT was performed. Failure was defined as use of MAB or RT after first-line HIFU.
Treatment protocol and postoperative care
All patients underwent HIFU using the "re-treatment" protocol of the Ablatherm device (EDAP TMS, Vaux-enVelin, France). Antiplatelet agents were stopped 10 days prior to HIFU treatment. HIFU was performed under spinal anesthesia, with the exception of the cases where it was not technically feasible or it was refused by the patient. A urethral catheter was inserted in all cases before surgery, removed during the procedure to permit the treatment of periurethral tissue, and replaced at the end of the treatment.
Surgical time, intra-and postoperative complications, and hospital stay were recorded. Patients were all discharged with the Foley catheter still in place; the catheter was then electively removed on an outpatient basis.
Follow-up
Follow-up visits were scheduled every 3 months during the first year and every 6 months afterwards. They included: total serum PSA, assessment of continence status (number of pads/d), and radiologic imaging at the discretion of the treating physician. Erectile function was not evaluated.
Statistical analysis
Baseline characteristics and follow-up data of success and failure patients were compared by means of t-test (parametric) or Fisher's exact test (nonparametric data). P values Ͻ0.05 were considered significant. All statistics were performed with Statistica Base (software for Windows, StatSoft Italia srl, Vigonza, Padova, Italy).
Results
The clinical and pathologic baseline characteristics of the patient cohort are outlined in the Table 1 .
The procedure was feasible in all cases and it was carried out within a mean of 32 minutes . No serious intraor postoperative complications were observed. All patients were discharged within 24 hours with the Foley catheter still in place.
Catheter was routinely removed within 7 days and postvoid residual evaluation was performed. Two cases of acute urinary retention after catheter removal required prolonged catheterization for 14 and 15 days, respectively (early complication, Grade IIIa according to the Clavien classification).
Sixteen of 19 (84%) patients achieved continence (no pad) before HIFU. Four cases of newly diagnosed stress urinary incontinence (early onset) were observed after the treatment; 2/4 patients presented a mild to moderate incontinence, resolved after pelvic-floor muscle exercises within 6 months (Grade I); 2 cases of severe incontinence required a minimally invasive day-case procedure with the placement of adjustable continence therapy (ProACT, Uromedica, Plymouth, MN) (Grade IIIb). Two opposing balloons were successfully implanted via a transperineal approach, under TRUS-guidance, paraurethrally at the level of bladder neck without complications. Three patients who were incontinent before HIFU did not report any worsening of their incontinence status. No case of urethrorectal fistula, anastomotic stricture, or persistent storage symptoms was observed. Table 2 summarizes the early and late complications, providing a comparison with the published series of minimally invasive surgical treatment for local recurrence after RP.
Seventeen of 19 patients (89,5%) were classified as success 3 months after HIFU, showing a PSA nadir Յ0.1 ng/ml; 8/17 patients (47%) were classified as failure during follow-up (median follow-up: 48 months); 7/8 had negative biopsy of the treated lesion and showed an increase of PSA Ն1 ng/ml above PSA nadir; consequently MAB was administered; 1/8 had positive biopsy and was treated with SRT. At a median follow-up of 48 months, 9/17 (52, 9%) patients continue to be considered as "success" according to the previous definition. Overall, the 4-year bDFS was 47.4% (9/19 patients). Two of 19 patients failed to show a PSA nadir Յ0.1 ng/ml: 1 of them had positive biopsy and was treated with SRT, while the other, having negative biopsy, received MAB. The latter died during the follow-up period after development of hormone refractory CaP. Currently, 7/9 patients classified as failure present a PSA level Յ0.1 ng/ ml, while 2/9 have a PSA Ͼ0.1 ng/ml (1.39 and 1.74 ng/ml, respectively, after adjuvant MAB). These results are summarized in the Fig. 1 .
The clinical and pathologic comparisons between the HIFU success and failure groups are outlined in Table 3 . The comparison of the Gleason score was obtained after their subdivision in 2 subgroups: A (Յ 3ϩ4) and B (Ն 4ϩ3).
Age, median pre-RP PSA, size of lesion, local recurrence biopsy Gleason score (pre-HIFU), and mean time from RP to HIFU did not differ significantly between success and failure group. A statistically significant difference was observed between the 2 groups for pre-HIFU median PSA (2 vs. 5.45 ng/ml; P ϭ 0.013) and Gleason score of the RP specimen (P ϭ 0.01).
Discussion
Primary curative procedures, such as RP and radiotherapy, are well-established therapeutic options in the management of localized CaP. Despite the improvements in both fields, there is still a significant risk of cancer recurrence after therapy and up to 27%-53% of all patients undergoing radiation therapy or RP will develop local or distant recurrences within 10 years after initial therapy, and 16%-35% of patients will receive second-line treatment within 5 years of initial therapy [15] .
CaP recurrence after RP is defined as only a BCR if a detectable serum PSA value is noted in the absence of clinical evidence of local recurrence or of metastatic disease. Local recurrence has been defined to occur with ab- normal results at DRE of the prostatic fossa in the presence of a detectable PSA value, regardless of the results of prostatic fossa biopsy [16] .
For patients with biopsy-proven or radiographically identified local recurrence after RP and in absence of identifiable metastatic disease, SRT is the standard treatment. However, it is a time-consuming therapy (it takes several weeks to complete); moreover, the potential gastrointestinal and genitourinary toxicity could be physically challenging for elderly patients with co-morbidities or lower performance status [8] . Furthermore, SRT has been found to be less successful in palpable than nonpalpable local recurrence [17] .
Recently, Siddiqui et al. [9] published their study on the salvage cryotherapy for biopsy-proven local recurrence of CaP after RP, reporting a success rate of 40% (6/15) and a failure rate of 60% (9/15), defined as a PSA increase greater than 0.1 ng/ml from the PSA nadir or the addition of EBRT or ADT. They also found that pre-RP and RP Gleason scores as well as lesion size were significantly lower in the success group than in the failure one. They concluded that salvage cryotherapy can be an effective and safe treatment modality, especially for patients with favorable biopsy and pathologic Gleason scores, before cryotherapy.
HIFU, a minimally invasive procedure, has been shown to provide good outcomes with limited morbidity in the treatment of CaP [18 -21] . HIFU acts through coagulative necrosis of the tissue to destroy prostate cells without damaging the intervening structures [22, 23] . It can be used as primary therapy with effective long-term cancer control in patients with low-or intermediate-risk localized CaP [10] . It has also demonstrated its efficacy as a salvage treatment after primary HIFU or external beam radiation therapy (EBRT) [11] .
Murota-Kawano et al. [8] published their preliminary experience on the role of salvage HIFU after RP. In their small study, 3/4 enrolled patients had RTϩADT as primary salvage treatment after RP. At 24-month of follow-up, 2/4 patients were BCR-free (defined as an increase in PSA level Ͼ0.2 ng/ml). No complications were observed.
To our knowledge, we present the largest series of salvage first-line HIFU after RP published till now.
The treatment were feasible in all cases with no major complications (Grades IV and V, according to the Clavien classification) and an acceptable morbidity profile. Four Grade III (2 Grade IIIa and 2 Grade IIIb) early complications were recorded. Cases of acute urinary retention could be explained by the local tissue inflammation/edema, usually resolved by a prolonged catheterization. Urinary incontinence is the result of thermal damage to the structures involved in the distal continence mechanism. In our series, 2 cases of mild to moderate incontinence were resolved after pelvic-floor muscle exercises, while 2 patients needed surgery.
It has to be underlined that HIFU was performed in the "re-treatment" modality: it means that a smaller quantity of focused energy is applied for less time (4 instead of 5 seconds for each shot) to recurrent cancer tissue (with regard to standard HIFU treatment). Consequently, the damage to the surrounding structures (including rectal wall and external urethral sphincter) is lower, minimizing the risk of complications, such as urethro-rectal fistula, anastomotic strictures, and incontinence. Considering also the acquired experience with HIFU as a primary treatment of CaP (almost 400 cases treated since 2003 in our center), the low morbidity rate observed in our study appears reasonable.
According to our definition, 9/19 patients (47.4%) were classified as success at our median follow-up of 48 months. Failure cases with positive biopsy of the treated lesion were treated with SRT, while MAB was applied in case of negative biopsy. In an intention-to-treat analysis, among the failure cases, 7 are currently free of BCR, increasing the percentage of bDFS patients to 16/19 (84%). Even though our results seem promising, the low number of patients treated and the absence of a control arm do not allow definitive conclusions on the oncologic efficacy of the procedure. The study population was not planned in advance, since this was a pilot study aiming to evaluate primarily the feasibility, safety, and morbidity profile of the technique. Moreover, the absence of an extended follow-up could be considered another limit since significant disease recurrence may occur with extended follow-up [24] . However, our outcomes could be used to design a prospective randomized trial, with adequate statistical power, comparing HIFU vs. SRT in the treatment of the palpable, local recurrence of CaP after RP.
The analysis of the factors that potentially influence the oncologic efficacy of the procedure revealed that a higher pre-HIFU total PSA and/or a not-favorable Gleason score of the RP specimen could be associated with higher failure rate. As observed in previous studies for SRT [25] , our study seems to confirm that lower serum PSA level prior to salvage HIFU is a predictor of favorable response. Similarly, an increased percentage of high-grade RP Gleason scores (4ϩ3 or greater) was observed in the HIFU failure group compared with the success group (12.5% vs. 86%; P ϭ 0.01), suggesting that favorable Gleason Score could be associated with better outcomes. In our study, salvage first-line HIFU for palpable and biopsy-proven local recurrence after RP failure presented better results compared with salvage RT in the same setting. MacDonald et al. [17] reported a limited efficacy of SRT in the treatment of locally palpable recurrence after RP (42 patients) with a 5-year bDFS of 27% at 5-year follow-up. A much lower bDFS (11% at 5-year follow-up) was reported by Choo et al. [26] in 44 patients with palpable recurrence after RP. The difference in the median follow-up (4 vs. 5 years) and in the number of patients recruited could partially justify the observed bDFS in our study compared with the aforementioned ones.
Moreover, it should be underlined that in both salvage HIFU and in SRT, failure rate could be influenced by staging problems due to poorly sensitive methods being used to distinguish between local and distant recurrence [12] , such as digital rectal examination (DRE), nuclear bone scanning, transrectal ultrasonography of the prostatic fossa, computed tomography (CT), magnetic resonance (MR) imaging, monoclonal antibody scanning, and positron emission tomography (PET), as well as clinical parameters such as interval from RP to PSA recurrence, postoperative PSA velocity [27] , or postoperative PSA level doubling time [28] . Thus the final oncologic outcomes may be hindered since many patients who receive definitive local salvage therapy harbor micrometastases, suggesting the need of careful patient selection in order to achieve better outcomes.
Lastly, the absence of a cost analysis could represent another limitation of our study and should be part of a larger prospective trial.
Conclusions
HIFU as salvage first-line treatment for palpable, TRUS-evidenced, biopsy-proven local recurrence of CaP is a feasible, minimally invasive day-case procedure, with an acceptable morbidity profile. It seems to have good cancer control in the short-and mid-term. Patients with lower pre-HIFU PSA level and favorable pathologic Gleason score seem to present better oncologic outcomes. A prospective randomized trial with an adequate recruitment and follow-up is necessary to confirm our preliminary oncologic results.
